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Abstract
Urbanisation processes are increasing worldwide at surprising rates affecting wildlife in many ways: changing habitat struc-
ture, reducing resources, and modifying the distribution, composition and abundance of local biota. In different countries, 
urban waste collection techniques are evolving and surface rubbish containers (neighbourhood receptacles for temporarily 
storing anthropogenic household waste located above-ground on the streets) are being replaced with underground ones 
(metal boxes with steel chutes that fed into large underground containers) to improve sanitation measures, to avoid bad 
smells and waste scattering by animals. We aimed to detect if House Sparrows were more abundant close to surface rubbish 
containers than close to the underground ones. We recorded an abundance index of House Sparrows during two visits in 
winter 2018–2019 to point counts located in groups of both container types (80 and 85 groups of underground and surface 
containers, respectively) in eight towns of Eastern Spain. We modelled the abundance index according to rubbish container 
type, and 14 other environmental variables at four scales: container, nearest buildings, near urban features, and general local-
ity features using GLMMs. House Sparrows were more abundant close to surface than to underground rubbish containers, 
which may be linked with higher food debris availability. The presence of other urban features (bar terraces, private gardens, 
mature trees) interacting with the rubbish containers also influenced the abundance of House Sparrows. The replacement of 
above-ground rubbish containers with underground ones may deprive House Sparrows resources, which could lead to the 
decline of this species, especially in urban areas with little green cover.
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Introduction
Urbanisation is increasing all over the world at surprisingly 
quick rates (Murgui and Hedblom 2017; United Nations 
2018). This process affects wildlife in many ways, for 
example, modifying habitat structure which renders some 
landscapes unsuitable for several species (Bernat-Ponce 
et al. 2020; Isaksson 2018; Murgui and Hedblom 2017; 
Verbeeck et al. 2011). These modified environments pose 
a new challenge for urban avifauna through exposure to 
novel stressors, such as pollutants, noise, new predators, 
exotic competitors or processed food (Bernat-Ponce et al. 
2018; Francis and Barber 2013; Herrera-Dueñas et al. 2017; 
Murgui and Hedblom 2017; Schroeder et al. 2012). This 
significant landscape transformation usually modifies local 
biota by bringing about changes in its distribution, composi-
tion, abundance and structure, or even leads some species to 
extinction (McKinney 2002; Shochat et al. 2010).
Despite the negative effects of urbanisation on individu-
als, populations and communities, some species manage to 
take advantage of several features they find in towns and 
cities. One of the main attractors for this group of animals 
to urban areas is constant human-induced food resources 
(Chace and Walsh 2006), provided intentionally by peo-
ple such as feeders, or indirectly by rubbish containers or 
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dumpsters (Bernat-Ponce et al. 2018; Reynolds et al. 2017; 
Tortosa et al. 2006). Thus, urban areas buffer seasonality 
effects concerning food availability (Murgui and Hedblom 
2017).
The House Sparrow (Passer domesticus), native to most 
of Europe, Mediterranean basin and large parts of Asia 
(Anderson 2006), is a synanthropic species that over the 
last 50 years has sharply declined in many urban areas 
(Shaw et al. 2008; Summers-Smith 2003). However, the 
main cause of the species urban decline remains unclear 
(Anderson 2006; Summers-Smith 2005). A consensus is 
starting to emerge that considers the increase in human 
socio-economic status and urban renewal as key factors for 
the species’ urban decline in Europe. First, changes in urban 
habitats and loss of green urban areas may negatively impact 
upon natural food availability, such as seeds and inverte-
brates (Bernat-Ponce et al. 2020; Pauleit et al. 2005; Vincent 
2005). Second, these habitat changes have indirect effects 
on House Sparrows, such as a rising predation risk by Spar-
rowhawks (Accipiter nisus) and domestic cats (Felis catus) 
due to reduced shelter from predators (Bell et al. 2010; Shaw 
et al. 2008; Thomas et al. 2012). Finally, as House Sparrows 
are cavity nesters, nest site availability can diminish due to: 
changes in design, new materials in modern buildings and 
the refurbishment of older ones, especially in high income 
areas which decreases the number of crevices (Moudrá et al. 
2018; Shaw et al. 2008). In addition, the competition for 
nest-sites between House Sparrows and larger invasive spe-
cies could harm their populations (Charter et al. 2016).
House Sparrows have been human-commensals for more 
than 10,000 years (Sætre et al. 2012) and this worldwide 
success has been directly linked with their adaptation to feed 
on agricultural crops, poultry feed, and human subsidies 
(Anderson 2006; Bernis 1989; Whelan et al. 2015), and the 
use of human structures for nesting (Anderson 2006; Moudrá 
et al. 2018). The link of the House Sparrow with waste 
food is still important in modern urbanised areas. A previ-
ous study conducted in Spain showed that neighbourhood 
surface rubbish containers (large receptacles, dumpsters 
or skips, usually of 1000–3500 L of capacity for temporar-
ily storing anthropogenic household waste located above-
ground on the streets; see González-Torre et al. 2003 and 
Pires et al. 2019) were positively related to House Sparrow 
abundance, especially in winter (Bernat-Ponce et al. 2018). 
Food debris is usually found around surface rubbish contain-
ers as they are sometimes overfilled, and rubbish bags are 
deposited outside or sometimes they fall from the contain-
ers. Furthermore, surface rubbish containers are accessible 
to urban animals, such as cats, who break open bags and 
make the contents available to House Sparrows. In Lvov 
(Ukraine), a drastic reduction in the number of open surface 
rubbish containers in the city centre was followed by a rapid 
decline of House Sparrow populations (Bokotey and Gorban 
2005). During the coldest season, natural trophic resources 
in urban landscapes are scarce and surface rubbish contain-
ers reliably provide anthropic high-calorific scraps, such as 
biscuits or snacks, around them (Bernat-Ponce et al. 2018; 
Bokotey and Gorban 2005; Herrera-Dueñas et al. 2015).
The effect of rubbish containers on House sparrow abun-
dance is not independent of the influence of other urban 
landscape characteristics. For example, urban outdoor res-
taurants can attract House Sparrows to their surroundings 
as they are a reliable supply of food debris (Haemig et al. 
2015). Wooded streets, private gardens and parks may pro-
vide shelter and food, especially by native plants (Bernat- 
Ponce et al. 2018; Chamberlain et al. 2007; Murgui 2007, 2009). 
The height of the buildings and socio-economic level of 
the neighbourhood influence House Sparrow abundance 
(Bernat-Ponce et al. 2018; Shaw et al. 2008). Therefore, 
it is necessary to take into account the possible effect of 
urban features at several scales on House Sparrow abundance 
around rubbish containers.
Recently, neighbourhood underground rubbish containers 
system (large underground containers where rubbish enters 
through surface metal boxes with stainless steel chutes on 
the pavements; see “stand alone underground containers” in 
ISWA 2013) has spread in towns replacing neighbourhood 
surface rubbish containers. Even though underground sys-
tems are costly and technically more complex than surface 
containers they are installed to prevent bad odours, increase 
the cleanliness of urban areas, reduce the presence of mice, 
rats, cats, and invertebrate animals, save space, and avoid the 
negative visual effect of traditional neighbourhood above-
ground rubbish containers (ISWA 2013; Nilsson 2011). For 
underground rubbish containers, rubbish bags disappear 
underground, and thus become inaccessible to House Spar-
rows. Several European urban areas in different countries, 
such as the United Kingdom, the Netherlands or Spain, 
among others (Eroski Consumer 2008; Interesting Engineer-
ing 2017; The Hague 2017), have replaced neighbourhood 
above-ground rubbish containers with underground rubbish 
containers in the last two decades (ISWA 2013; Nilsson 
2011), especially in the centres of towns with higher socio-
economic levels (García-Hernández et al. 2017; INTHER-
WASTE 2019). However, this underground system is quickly 
spreading to other areas of the towns (ISWA 2013).
In the present study, we aimed to explore if sparrows were 
more abundant around above-ground rubbish containers 
than around underground rubbish containers, as well as the 
potential effects of other urban features surrounding the con-
tainers that could affect their use. We hypothesise that the 
replacement of neighbourhood above-ground rubbish con-
tainers with underground ones would have negative effects 
on House Sparrow populations. If this happens, the change 
in type of rubbish containers would be an additional mecha-
nism contributing to the negative relation between House 
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sparrow abundance and socioeconomic status proposed by 
Shaw et al. (2008).
Methods
Study area and bird census
The study was carried out in the Valencian Community (east 
Spain) (Fig. 1). This region presents a high availability of 
towns distributed along an altitudinal gradient where there 
has been a replacement of some neighbourhood above-
ground rubbish containers by underground containers. We 
selected five coastal and three inland towns of several sizes 
(Table 1). They are representative localities in the study 
area, where 12% of towns are medium-sized (15,000–60,000 
inhabitants) and 86% are small towns (< 15,000 inhabitants) 
(Table 1).
Both neighbourhood rubbish containers types, above-
ground and underground (Fig. 2), are usually arranged in 
groups of several of the same type. The geographical loca-
tion of rubbish container groups in each urban area was 
obtained from technical report maps owned by the Town 
Councils of the studied localities. We randomly selected a 
representative variable number of groups of underground 
rubbish containers at the eight localities, according to town 
size and containers availability (n = 80 in all; Table 1). 
When two underground groups of containers fell within a 
75 m radius, only one was selected for the study to avoid 
double counting. A similar number of surface rubbish con-
tainers per locality was also randomly selected (n = 85 in 
all; Table 1) by following the same protocol to avoid double 
counting. Some groups of underground rubbish contain-
ers had an additional surface organic rubbish container, in 
which case this particular group of underground rubbish 
containers was discarded. Number of organic rubbish con-
tainers in each group was counted. At each selected group 
of containers we conducted 5 min 25 m fixed-radius point 
counts, centred at the rubbish container, and counted every 
House Sparrow seen and heard (Gibbons and Gregory 
2006). Counting was done in December 2018, January 
2019 and February 2019 (winter of 2018–2019) given the 
special relevance of human-related sources of food in win-
ter (Bernat-Ponce et al. 2018; Bokotey and Gorban 2005). 
Each group of rubbish containers was sampled twice on 
two different days separated by a minimum of two–three 
weeks (First visit = early winter; Second visit = late win-
ter). Counts were not done on windy and/or rainy days. 
Daily sampling sessions lasted approximately two hours, 
and started 15 min after the official sunrise time when this 
species is most active (Anderson 2006). On average, a sam-
pling session comprised 14–18 point counts depending on 
the distance between consecutive sampling points.
For each group of containers we obtained 15 habitat 
variables potentially important for influencing House Spar-
row presence and abundance (Table 2), including some of 
those proposed by Bernat-Ponce et al. (2018). These variables 
were classified into four sets that referred to urban landscape 
Fig. 1  Map showing the eight 
selected urban areas to study the 
rubbish containers in east Spain: 
1) Alcoy; 2) Onil; 3) Castalla; 
4) Denia; 5) Jávea; 6) Alboraya; 
7) Burjasot; 8) Vinaroz
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characteristics on different scales. The first set of variables 
defined the features of the rubbish containers: type of con-
tainer (surface or underground) and number of containers 
intended to receive rubbish containing organic matter. The 
second set of variables described the features of the closest 
buildings at the sampling point: mean number of floors of 
the eight nearest buildings; the socio-economic level of the 
area where rubbish containers are located, classified into 
deprived area, average area, and well-off/high income area 
(Bernat-Ponce et al. 2018; Shaw et al. 2008). The third set 
described the urban features in the sampling point and its 
adjacent habitat (50 m radius): presence/absence of pri-
vate gardens; presence/absence of bar terraces; presence/
absence of schools; presence/absence of parks; presence/
absence of mature trees on streets; if the sampling point 
was in the centre of the urban area (defined as the old-
est sector of the urban area, where commercial and busi-
ness activities tend to concentrate) or not. We used a 50 m 
radius because this represents the average home range of 
urban House Sparrows (0.86 ha; Vangestel et al. 2010). 
The last set included variables associated with the local-
ity’s general features (town/city scale): geographical loca-
tion (coastal or inland); socio-economic level of the sam-
pled locality defined by the average budget per inhabitant 
(ARGOS 2019); number of inhabitants (Instituto Nacional 
de Estadística 2019); ratio of surface rubbish containers 
per inhabitant in the locality; ratio of underground rubbish 
containers per inhabitant in the locality.
Statistical analysis
Statistical analyses were carried out in RStudio 3.6.1. 
We used Generalized Linear Mixed Models (GLMMs) to 
identify the variables in each of the four aforementioned 
sets that were related most to the House Sparrow num-
ber counted at each point (dependent variable). The R 
Table 1  Geographical, demographic, urban and climatic characteris-
tics of the selected urban areas and information about the groups of 
rubbish containers studied in them. The number of studied groups 
of rubbish containers of each type is shown to the left of the slash; 
the available number is shown to the right of the slash. The number 
of total containers of each locality is shown in parentheses (when 
the numbers of groups is not reported, it is shown with -).  Source: 
the authors with data from AVAMET (2019), Instituto Nacional de 
Estadística (2019), SIGPAC (2019) and technical reports from the 
localities
a Corresponds to the adjacent town (Moncada) due to the incomplete series in Burjasot
Locality Coordinates Number of 
inhabitants
(2018)












24,222 67.02 35.8 18.3 3.2 642.6 5 8/ 14 (28) 8/—(212)
Alcoy 38°41´54´´ N
0°28´25´´ W
58,977 349.03 40.4 16.1 -4.4 439.2 562 8/ 12 (25) 10/141(294)
Burjasot 39°30´33´´ N
0°24´39´´ W
37,584 194.74 38.5 a 17.6 a 2.8 658.6a 59 14/—(50) 14/—(242)
Castalla 38°35´48´´ N
0°40´15´´ W
9880 85.74 - - -1.7 418.8 675 6/ 52(52) 6/27(27)
Denia 38°50´25´´ N
0°06´31´´ E
41,733 99.80 37.8 19.5 5.3 625.8 12 17/ 60 (112) 17/65(520)
Jávea 38°47´21´´ N
0°09´47´´ E
27,224 171.1 36.9 19.1 4.4 675.6 12 13/—(30) 16/—(325)
Onil 38°37´46´´ N
0°40´26´´ W
7475 77.76 34.8 14.5 -4.2 360.6 715 4/ 5 (11) 4/- (98)
Vinaroz 40°28´00´´ N
0°28´00´´ E
28,438 97.50 35.1 18.2 1.6 785.9 7 10/ 12 (25) 10/—(260)
Fig. 2  Types of rubbish containers in this study. a) Neighbourhood 




package “glmmTMB” (Brooks et al. 2017) was used to fit 
the GLMMs. The container group identity code was included 
as a random factor because repeated measures were done at 
each group of containers (O’Hara 2009). The environmental 
variables were treated as fixed effects. Number of inhabit-
ants, socio-economic level of the locality and both the ratios 
of underground/surface rubbish containers per inhabitant in 
the locality that formed part of the locality’s features group 
were scaled (centred and divided by standard deviations) 
using the “scale” function in R. Moreover, in the models we 
included three variables as fixed effects to consider the space 
or time effect. The spatial autocorrelation effect was con-
trolled by including a spatial term (SPAT) with the coordi-
nates of the form ‘x + y +  x2 + xy +  y2 +  x3 +  x2y +  xy2 +  y3’ in 
all analyses (Legendre and Legendre 1998; López-Pomares 
et al. 2015). The name of the locality (LOC) was included 
to control for the locality effect on each group, except for the 
group describing the locality’s general features. The visit 
(VISIT, first or second) was also included to take temporal 
variability into account and to check if there were any dif-
ferences between them (early winter/late winter).
To avoid including a high number of variables and 
interactions in the analyses the following statistical pro-
ceeding was followed for each set of variables. First of all, 
we fitted a complete GLMM with all the environmental 
variables in the set, the spatial-time variables and only the 
interactions that we considered to be biologically mean-
ingful. We started fitting the complete model with Poisson 
distribution. We tested this model for overdispersion with 
the “check_overdispersion” function of the “performance” 
package (Lüdecke et al. 2019). We also fitted two vari-
ants of the same model using Negative Binomial distribu-
tion type 1 (family nbinom1) and type 2 (family nbinom2) 
(Blasco-Moreno et al. 2019). Then we selected the model 
variant with the family that yielded the lowest Second-
Order Akaike Information Criterion (AICc) calculated with 
the appropriate function of the “MuMIn” package (Bartoń 
2019).
The multicollinearity of the variables included in 
each model was checked with the “check_collinearity” 
function of the “performance” package (Lüdecke et al. 
2019). The significance of the fixed effects was tested 
by the “Anova” function of the “car” package (Fox and 
Weisberg 2019). We considered multicollinearity to be 
high when VIF was > 5 (Zuur et al. 2010). In these cases 
we first attempted to reduce multicollinearity by delet-
ing the interaction between variables with VIF > 5. If 
several interactions presented similar high VIF values, 
Table 2  Environmental variables tested for their effect on House Sparrow abundance around groups of rubbish containers in urban areas of east 
Spain in winter
a Instituto Nacional de Estadística 2019
Set and sampling scale Variable Abbreviation Type Sampled/Obtained Description
1. Container features
(sampling point) Rubbish container CONT Categorical In situ Underground /Surface
Number of containers NCONT Numerical In situ Number of containers at the 
group
2. Building features
(sampling point) Mean building height BUILD Numerical In situ Mean number of floors (eight 
nearest buildings)
Socio-economic level point SOCLEVP Categorical In situ Deprived/Average/Well-off
3. Urban features
(50 m radius) Private garden PG Categorical SIGPAC (2019) Absence/Presence
Terrace TERR Categorical SIGPAC (2019) Absence/Presence
School SCH Categorical SIGPAC (2019) Absence/Presence
Park PARK Categorical SIGPAC (2019) Absence/Presence
Tree TREE Categorical In situ Absence/Presence
Centre CENT Categorical SIGPAC (2019) No/Yes
4. Locality features
(Town scale) Altitude ALT Categorical Coastal/Inland
No. inhabitants INHAB Numerical (scaled) INEa (2019)
Socio-economic level locality SOCLEVL Numerical (scaled) ARGOS (2019) Average budget per inhabitant
Ratio of underground contain-
ers
RATUND Numerical (scaled) SIGPAC (2019) Number of underground 
containers/inhabitant




that with the lowest significance in GLMMs was elimi-
nated. When no multicollinear interactions remained, 
the same procedure was repeated for the multicollinear 
main effects. Then the GLMMs in each group of vari-
ables were simplified by deleting the least significant 
interactions in turn and by checking if this deletion 
was linked to a reduction in the AICc. If this proceed-
ing did not reduce the AICc, the least significant main 
effect was deleted instead, provided it was not included 
in the remaining interactions, and AICc reduction was 
checked. The final model was that with the lowest pos-
sible AICc after deleting the non-significant variables/
interactions.
The variables included in the final model and the 
equally plausible models (ΔAICc < 2) of each set were 
selected for checking in a final combined analysis with the 
variables selected from all the four sets, along with their 
biologically interesting interactions and the spatial-time 
variables (SPAT, LOC, VISIT). This combined GLMM 
was simplified by following the aforementioned pro-
ceeding to obtain a final set of equally plausible models 
(ΔAICc < 2). Given the large number of variables in the 
combined analysis, the process of eliminating multicol-
linear terms was done in two steps to avoid convergence 
problems in the models. First of all, the variables selected 
from the first three sets were checked together to elimi-
nate multicollinear terms. Then the remaining terms were 
joined to the selected variables of the fourth set (local-
ity features) to detect and eliminate additional collinear 
terms. For the best models, we calculated the conditional 
intraclass correlation (cICC) to estimate the proportion 
of variance in abundance that was accounted for by the 
random effect using the “icc” function of the package 
“sjstats” (Lüdecke 2019) and the conditional  R2 to obtain 
the variance explained by the entire model, including both 
fixed and random effects with the “r.squaredGLMM” 
function of the “MuMIn” package (Bartoń 2019).
Comparison of the socioeconomic level and building 
and urban features around groups of containers located in 
the centre or the outskirts of urban areas can be found in 
Appendix A (Online Resource). We tested if these vari-
ables differed between urban sectors (centre or outskirts) 
and container type (underground or surface) using log-
linear models for categorical variables (SOCLEVP, PG, 
TERR, SCHO, PARK, TREE) and ANOVA test for the 
continuous variable (height of buildings, BUILD). These 
analyses were carried out with the “lm” and “aov” func-
tions from the “stats” package (R Core Team 2020), and 
the “anova” function from the “car” package (Fox and 
Weisberg 2019). Mean number of containers per group 
were compared between container types using the function 
“wilcox.test” of the package “stats” (R Core Team 2020).
Results
Mean number of containers in underground groups of rub-
bish containers was significantly higher than in surface 
groups (Underground: 1.93 ± 0.07 SE; Surface: 1.59 ± 0.09 
SE; Wilcoxon W = 2290.5; p < 0.001). House sparrows were 
frequently found around rubbish containers as they were 
detected in 90–97% of surface containers and 65–81% of 
underground containers. Even though no overdispersion was 
detected in the Poisson family models, GLMMs were fit-
ted using Negative Binomial distribution type 1 (nbinom1 
family) because they had lower AICc values (Appendix 
B-Online Resource). The simplification process of GLMMs 
for each set of variables and the combined model are found 
in Appendix C (Online Resource). The final model for the 
variables related to container features included the container 
type, spatial term and visit, which were all significant. The 
final model for the building feature variables included the 
mean number of floors, the visit and the spatial term, all 
significant. The variables associated with urban features 
included in the final model were: private gardens; mature 
trees; bar terraces; location of the point count in the centre; 
the centre-visit interaction; the visit and the spatial term. In 
the group of variables related to locality features, the fol-
lowing variables were selected: socio-economic level; ratio 
of surface containers per inhabitant and its interaction with 
visit; altitude and its interaction with visit; the spatial term 
and visit.
The combined GLMMs showed that three final models 
were equally plausible (ΔAICc < 2) (Table 3). The model 
with the lowest AICc (Model 1; AICc = 1750.6) was built 
with the variables container type (CONT), private garden 
(PG), mature trees (TREE), bar terraces (TERR), centre 
(CENT), spatial term (SPAT) and visit (VIS); with four 
interactions: centre (CENT) with visit (VIS); container 
type (CONT) with private garden (PG); centre (CENT) with 
container type (CONT); mature trees (TREE) with centre 
(CENT). Model coefficients were all significant (p < 0.05), 
except for the variable TREE (p = 0.06), the variable 
CENT (p = 0.168) and the interaction CENT with CONT 
(p = 0.104) (Table 3). There were two other equally plausible 
models. The first was like Model 1 but without the CENT 
with CONT interaction (Model 2; AICc = 1751.0); the sec-
ond resulted from adding the variable BUILD to Model 1 
(Model 3; AICc = 1751.9) (Table 3).
All the final models showed that the rubbish container 
type is related to the abundance of the House Sparrows 
around them. This species was more abundant in those 
areas with surface rubbish containers than in the areas 
where rubbish containers were located underground. Pres-
ence of bar terraces was also related to the abundance of 
House Sparrows, regardless of the container type in their 
Urban Ecosystems 
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Table 3  Best final combined GLMM models (nbinom1 family) built 
with the variables selected from the four sets. Models are ordered 
by AICc value (Second-order Akaike Information Criterion). cICC: 
conditional intraclass correlation coefficient.  R2 interpreted as a % 
of variance explained by the entire model, including both fixed and 
random effects. Significant p values are marked with (*) = p < 0.05; 
(**) = p < 0.01; (***) = p < 0.001, and marginally significant p values 
with (·) = p < 0.1. Brackets identify the level of the factor at which the 
model coefficients were calculated
Model AICc R2 Set Variables Estimate p
1 1750.6 91.0 Intercept 0.834
Fixed
1 CONT -0.725 (UNDERGROUND)  < 0.001***
3 CENT -0.385 (YES) 0.168
PG 0.106 (PRESENCE) 0.002**
TERR 0.238 (PRESENCE) 0.017*
TREE -0.288 (PRESENCE) 0.060·
Control SPAT 0.182  < 0.001***
VIS 0.050 (SECOND) 0.042*
Interactions CENT*CONT -0.332 (CENT YES * CONT UNDERGROUND) 0.104
CENT*VIS 0.282 (CENT YES * SECOND) 0.030*
PG * CONT 0.451 (PG PRESENCE * CONT UNDERGROUND) 0.015*
TREE*CENT 0.442 (TREE PRESENCE * CENT YES) 0.030*
Random
CONT-ID Variance (0.148) cICC (0.182)
2 1751.0 90.9 Intercept 0.874
Fixed
1 CONT -0.823 (UNDERGROUND)  < 0.001***
3 CENT -0.522 (YES) 0.165
PG 0.071 (PRESENCE) 0.005**
TERR 0.260 (PRESENCE) 0.009*
TREE -0.279 (PRESENCE) 0.062·
Control SPAT 0.181  < 0.001***
VIS 0.050 (SECOND) 0.044*
Interactions CENT*SUR 0.278 (CENT YES * SECOND) 0.033*
PG * CONT 0.483 (PG PRESENCE * CONT UNDERGROUND) 0.010**
TREE*CENT 0.399 (TREE PRESENCE * CENT YES) 0.050*
Random
CONT-ID Variance (0.154) cICC (0.191)
3 1751.9 91.0 Intercept 0.978
Fixed
1 CONT -0.702 (UNDERGROUND)  < 0.001***
2 BUILD -0.035 0.334
3 CENT -0.420 (YES) 0.121
PG 0.087 (PRESENCE) 0.005**
TERR 0.242 (PRESENCE) 0.015*
TREE -0.282 (PRESENCE) 0.073·
Control SPAT 0.181  < 0.001***
VIS 0.050 (SECOND) 0.042*
Interactions CENT*CONT -0.331(CENT YES * CONT UNDERGROUND) 0.105
CENT*VIS 0.282 (CENT YES * SECOND) 0.030*
PG * CONT 0.444 (PG PRESENCE * CONT UNDERGROUND) 0.017*
TREE*CENT 0.457 (TREE PRESENCE * CENT YES) 0.025*
Random
CONT-ID Variance (0.146) cICC (0.180)
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vicinity. On the contrary, presence of private gardens was 
positively related to House Sparrow abundance only around 
underground rubbish containers (Fig. 3a). These models 
also showed that mature trees on streets were negatively 
correlated to the abundance of the House Sparrows around 
containers. However, the interaction between the presence 
of mature trees and location at the centre of the urban area 
showed that the absence of trees contributed to lower House 
Sparrow numbers in outskirt areas while had not effect in the 
urban centre (Fig. 3b). Furthermore, spatial term and visit 
were significant. The significant interaction between visit 
and centre revealed that House Sparrow abundance index 
significantly increased during the second visit only around 
containers in central areas of towns (Fig. 3c). The cICC of 
the three final models ranged between 0.180 and 0.191, thus 
around 20% of variance in the House Sparrow abundance 
index was due to the rubbish containers group’s identity. 
The variance explained by the three models was similar and 
around 90%.
Discussion
Our results showed that House Sparrows were less abundant 
around underground rubbish containers than around surface 
containers. However, the House Sparrow abundance around 
rubbish containers was also influenced by other urban habi-
tat characteristics. On one hand, the presence of bar terraces 
around rubbish containers was in general associated with 
higher House Sparrow abundance while presence of private 
gardens was related to higher House Sparrow abundance 






























































SECOND          
c)
Fig. 3  Graphs of the significant interactions detected in GLMMs 
(Table  3). Predictions of the abundance indices of House Sparrows 
were calculated using Model 1. a) Interaction between rubbish con-
tainer type and presence/absence of private gardens. b)  Interaction 
between location at the centre of the urban area and presence of 
mature trees in streets. c) Interaction between location at the centre 
of the urban area and visit. CONT: Rubbish container; SURF: Sur-
face rubbish containers; UND: underground rubbish containers; PG: 




presence of mature trees around containers located at out-
skirts was negatively related to House Sparrow abundance.
It is assumed that the main reason for House Sparrows 
association to rubbish containers is that birds easily find 
scraps of anthropogenic food, usually of high calorific value, 
in their surroundings and in fact sparrows are frequently 
seen pecking on the ground around these places (pers. obs.). 
This situation seems to be especially important in winter, 
when natural food in urban areas can be scarcer or harder 
to obtain as Bokotey and Gorban (2005), and Bernat-Ponce 
et al. (2018) found in Ukraine and Spain, respectively. A lim-
itation of the present study is that we assumed that trophic 
resources were more abundant around surface than around 
underground containers but we did not actually quantify 
their abundance. The design and functioning of each con-
tainer type are so distinct that we expected some difference 
in abundance of food scraps around them, and this should 
be an intended consequence of the design of underground 
containers. Therefore, it seems reasonable that the reduced 
abundance of House Sparrows recorded around underground 
rubbish containers reflects the increase in cleanliness associ-
ated to underground containers. Replacing surface rubbish 
containers by underground ones is a growing urban trend 
in European cities to improve sanitation measures (Eroski 
Consumer 2008; Interesting Engineering 2017; The Hague 
2017). This trend could lead to a potential limitation of the 
number of sparrows that these areas can maintain. However, 
future studies should check the assumption of different abun-
dance of food scraps around container types or other urban 
features as well as their temporal variation along the day, 
which could help to explain some of the patterns of urban 
habitats use by House Sparrows.
Bar terraces around rubbish containers were associated 
with higher House Sparrow abundance because they are an 
important supply of anthropogenic debris (Haemig et al. 
2015). No matter what type of rubbish container group was 
studied, House Sparrows were always more abundant when 
bar terraces were present. However, this link between House 
Sparrows and bar terraces was not found in east Spain by 
Bernat-Ponce et al. (2018). This difference could be due 
to differences in the sampling design between the studies 
because sampling point counts of the present research were 
located, exclusively, in the vicinity of rubbish containers, 
while the other study considered the entire urban matrix. The 
presence of bar terraces and containers could have a synergic 
effect on House Sparrows’ abundance, since both provide 
food resources in complementary times, and therefore the 
effect of bar terraces could be easier to detect in the proxim-
ity of rubbish containers. Bernat-Ponce et al. (2018) found 
that urban parks were positive for the abundance of House 
Sparrows while in the present study we did not find this 
effect around rubbish containers of any type. In the afore-
mentioned study, most point counts in parks were located 
inside them and not on their surrounding streets, where 
rubbish containers were located. Parks might offer alterna-
tive abundant natural food resources that could reduce the 
link between House Sparrows and urban rubbish containers 
located on their edge, or even could reduce their detectabil-
ity due to the presence of abundant vegetation. Conversely, 
private gardens had an effect only on sparrow abundance 
around underground containers, where they partially miti-
gate reduced House Sparrow abundance compared to sur-
face containers. Thus the effect of private gardens seemed 
weaker than that of bar terraces. This is likely explained by 
the variability in the quality of these gardens as a habitat for 
sparrows. Even though some Spanish gardens could pro-
vide shelter and food from native vegetation, they are usu-
ally very small, mostly planted with exotic species that do 
not produce berries, and food provision for birds by owners 
(e.g. bird feeders) is not as frequent as in other European 
countries. Consequently, we may expect food availability in 
private gardens to be lower and more unpredictable than on 
bar terraces. However, Chamberlain et al. (2007), Murgui 
(2009), and Shaw et al. (2008) found that these gardens were 
a key factor for the House Sparrow abundance in urban envi-
ronments of the UK and Spain. Therefore, it would appear 
that the importance of some urban landscape components for 
House Sparrows may differ between localities, depending on 
their specific characteristics, as Murgui (2009) suggested to 
explain the discrepancies among several studies.
Presence of trees in the vicinity of rubbish container 
groups studied in the centre of urban areas had no effect 
on the abundance of House Sparrows, but trees had a nega-
tive effect on sparrow abundance around containers located 
at outskirts. This was an unexpected result as we thought 
that trees could be used as a shelter and a food supply, and 
would always have a positive effect. Several explanations are 
possible for this effect of trees. As the presence of mature 
trees around rubbish containers was similar in the centre and 
outskirts (Appendix A-Online Resource) this result might be 
due to the different features of wooded areas. When present 
in outskirts, trees tend to be located on avenues which cover 
larger areas, where House Sparrows would be less linked 
with rubbish containers and would, therefore, group less 
around them than in the centre. In addition, House Spar-
rows also tend to be more abundant in outskirts (Fig. 3c this 
paper; Murgui 2009), thus when trees are absent, the House 
Sparrow grouping around rubbish containers would be more 
evident than in the town centre.
Visit had no effect on the House Sparrow abundance 
around the containers located in outskirts, while more birds 
were counted during the second visit (late winter) in the 
centre. Variation in the urban landscape between centre and 
outskirts could help to explain this interaction. Schools, bar 
terraces, and private gardens, which are associated with 
more abundance of food (Gaston et al. 2005; Haemig et al. 
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2015; Spelt et al. 2021), tend to be more frequent in outskirts 
(see Appendix A, Online Resource) and therefore House 
Sparrows should concentrate more around rubbish contain-
ers in town centres during the harshest winter period than in 
outskirts. Finally, no variable related to the locality’s general 
characteristics was selected in the final models. As we have 
seen, all the significant variables explaining the abundance 
of House Sparrows around rubbish containers were related 
to the presence of some particular urban features around 
them. This suggests that the pattern found herein was the 
same in all the studied towns and supports the view that the 
container type effect we detected in this work is likely gen-
eralizable to other cities in different geographical locations.
Evidence reveals that replacing surface rubbish contain-
ers with underground rubbish containers is associated with 
a reduction of House Sparrows abundance around them. 
As urban cleanliness is a social demand and is correlated 
with positive outcomes (high hygienic standards, avoiding 
odours, etc.) (ISWA 2013), we do not advocate removing 
underground containers and return to surface waste collect-
ing systems. However, we believe that it is important to be 
aware that an increase in underground rubbish containers 
would add another negative impact on House Sparrows 
in modern cities and, thus, compensatory measures that 
increase food supply in other urban landscape component 
should be taken to mitigate its impact. First, design and 
management of green areas should promote weeds, bushes 
and native plants that harbour important food resources for 
House sparrows such as invertebrates and seeds (Bernat-
Ponce et al. 2018; Narango et al. 2018). The substitution of 
grass and soil with impervious substrates such as artificial 
grass and concrete has been shown to affect negatively to 
House sparrows (Bernat-Ponce et al. 2020; Verbeeck et al. 
2011), likely due to the reduction of food resources and thus 
should be avoided. Second, it is important to promote new 
urban green areas that work as green stepstones, including 
parks and private gardens, especially in areas with under-
ground rubbish containers (De Laet and Trappeniers 2019; 
Shaw et al. 2011). More research is urgently needed to 
precisely identify the short-, mid- and long-term effects of 
urban diet on urban wildlife and to boost alternative trophic 
resources through green urban planning.
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